species. In the present work, the expression of genes related to immune and inflammatory 23 responses of sea bream (Sparus aurata L.), considered as non susceptible species, was 24 studied both in vitro and in vivo. No replication of the virus was observed in head kidney 25 macrophages and blood leukocytes. Moreover, the enhancement of expression of several 26 immune genes (tumor necrosis factor alpha (TNF-α), interleukin-1-beta (IL-1β), interferon-27 induced Mx protein) was not detected in both head kidney macrophages and blood 28 leucocytes in response to an in vitro infection with nodavirus. However, in vivo, nodavirus 29 was detected 1 day post-infection (p.i.) by a reverse transcription-polymerase chain reaction 30 (RT-PCR) in blood, liver, head kidney and brain of experimentally infected sea bream, 31 while its presence clearly decreased in blood after 3 days p.i. Also, a transitory increment of 32 the expression of TNFα and IL-1β was detected in the brain of intramuscular (i.m.) 33 infected sea bream 3 days p.i. In head kidney, the over expression of TNFα was only 34 observed 1 day p.i. The expression of Mx, an interferon induced gene, was increased in 35 brain and head kidney of infected sea bream, reaching values of 1300 fold compared to 36 controls in brain three days post infection. 37
For comparative purposes, we analyzed the expression of the same genes on a 38 susceptible species, such as sea bass (Dicentrarchus labrax) and, although the same pattern 39 of expression was observed both in brain and kidney, the magnitude was different mainly in 40
Introduction 46 47
Viral encephalopathy and retinopathy (VER), also referred to as viral nervous6
The in vivo induction was tested by intramuscular injection of sea bream and sea 125 bass. Eighteen fish from each species were challenged with 50 µl of nodavirus (3 x 10 5 126 TCID 50 ml -1 /fish) and eighteen fish were injected with 50 µl of cell culture medium as 127 control. Fish were sacrificed by MS-222 overdose 1, 3 and 7 days post challenge (three 128 pools of two fish each one) and brain and head kidney were removed aseptically and frozen 129 for RNA isolation and cDNA transcription, as previously described. 130
Quantitative PCR assays were performed using the 7300 Real Time PCR System 131 (Applied Biosystems). cDNA amplification was performed using specific primers designed 132 by Primer 3 software (Rozen and Skaletsky, 2000) . 0.5 µl of each primer (10 µM) was 133 mixed with 12.5 µl of SYBR green PCR master mix (Applied Biosystems) in a final 134 volume of 25 µl. The standard cycling conditions were 95 º for 10 min, followed by 40 135 cycles of 95 º 15 s and 60 º for 1 min. The comparative CT method (2-∆∆CT method) was 136 used to determine the expression level of analyzed genes (Livak and Schmittgen, 2001) . 137
The expression of the candidate genes was normalized using β-actin as a housekeeping 138 gene. Fold units were calculated dividing the normalized expression values of infected 139 tissues by the normalized expression values of the controls. Primer sequences are shown in 140 Table 1 . 141 142
Nodavirus detection by RT-PCR 143 144
In order to determine whether nodavirus was present in the different organs of sea 145 bream in which the expression of cytokines was studied in a similar way than it happens in 146 sea bass, viral detection was performed using an RT-PCR based on the amplification of a 147 highly conserved region of the coat protein gene as previously described by Dalla Valle et 148 al. (2000) . Products of the amplification reaction were visualized on a 2 % agarose gel. In order to confirm that the lack of susceptibility of sea bream to nodavirus infection 168 was due to a problem in the accessibility to the key organ, the presence of nodavirus was 169 assessed in infected sea bream at days 1 and 3 post-infection in blood, liver, kidney and 170 brain. Nodavirus, as in the case of sea bass (data not shown), was strongly detected in blood 171 1 day post-infection but the amount of virus detected highly decreased 3 days after 172 infection ( Figure 2a ). However, nodavirus presence was confirmed 1 and 3 days p.i. in themacrophages and blood leukocytes was not enhanced after exposure to nodavirus in vitro in 180 this study (data not shown). 181 However, with regard to the in vivo infection of sea bream, a significant but 182 transitory up-regulation of the expression of TNFα and IL-1β was detected in the brain of 183 infected sea bream 3 days p.i. (Figure 3a and 3c, respectively) . In head kidney, the over 184 expression of TNF-α was only observed 1 day p.i. (Figure 4a infections among other therapeutic roles (Aggarwal and Vilcek, 1991; Vilcek and Lee, 225 1991; Czarniecki, 1993; Wride and Sanders, 1995; Goldfeld and Tsai, 1996; Steinshamn et 226 al., 1996; Krueger et al., 1998; Secombes et al., 2001 ). IL-1β on the other hand plays a 227 pivotal role in the inflammatory response as initiates and/or increases a wide variety of non-228 structural function associated genes that are characteristically expressed during 229 inflammation, particularly other cytokines (Dinarello, 1994; Bird et al., 2002) . In this study, 230
we observed a strong up-regulation of TNF-α expression in head kidney 1 day post-231 infection both in sea bream and sea bass infected with nodavirus ( Figure 4a and 4b, 232 respectively), this up-regulation was no longer obvious 3 and 7 days after infection. This 233 result could be explained as head kidney is the main immune organ in fish and therefore 234 responds in the APR to fight against the infection (Dinarello, 1996; Bayne et al., 2001) . In 235 the case of IL-1β, a down-regulation was detected 3 days p.i. in both species (Figure 4c and 236 4d) which was not longer observed 7 days post infection. The regulation of these two 237 cytokines in kidney in the first stages of the disease in both species could be then 238 considered as a generalized response against nodavirus. 239
In the case of brain, the key organ of the disease, TNF-α and IL β over-expression 240 in sea bream was mainly observed 3 days post-infection (Figure 3a and 3c) . The fact that 241 TNF-α was modulated in brain 3 days after infection unlike to what happened in kidney (1 242 day p.i.), may suggest that immune system seems to be activated in brain when nodaviruses 243 reach their target organ and start replication, as we previously reported (Dios et al., 2007) . 244
This pattern of expression was similar to the one observed in the brain of infected sea bass. 245
Nevertheless, the expression values for TNF-α were much higher in sea bass (more than 30 246 times) than in sea bream (Figure 3b ). We suggest that the strong up-regulation of this pro-247 inflammatory cytokine in the brain of a susceptible species like sea bass, may be 248 responsible of the vacuolization and the neuroinflammatory process associated to this 249 disease in brain, retina and spinal cord. In fact, inflammation has been described as an 250 important factor causing irreparable brain damage in the pathogenesis of neurodegenerative 251 diseases and microbial infections of the nervous system (Brabers and Nottet, 2006; Kim 252 and Joh, 2006; Lafon et al., 2006; Sutton et al., 2006; Wei et al., 2006; Ghoshal et al., 2007; 253 Konsman et al., 2007) . 254
The interferon system is one of the most important mechanisms for antiviral defense 255 and the Mx proteins one of its effectors molecules best known (Meier et al., 1990; Staeheli 256 et al., 1993; Arnheiter et al., 1996; Robertsen et al., 1997; Trobridge et al., 1997; Haller et 257 al., 1998; Jensen and Robertsen, 2000; Haller and Kochs, 2002; Ko et al., 2002; Caipang et 258 al., 2003; Plant and Thune, 2003; Larsen et al., 2004; Chen et al., 2006; Wu and Chi, 2006) . replication. Also, TNF-α was highly over-expressed in the brain of infected sea bass, which 279 seems to be related to the vacuolization and neurodegenerative symptoms of the 280 disease. Mx protein was also up-regulated as an antiviral mechanism in both species but the 281 expression level (in fold change units) in brain was higher in sea bream than in sea bass, 282
suggesting an explanation why sea bass is a susceptible species and sea bream is an 283 asymptomatic carrier. Moreover, these results support the fact that fish brain, in the same 284 way that human neurons, is able of triggering a strong inflammatory response characterized 
